Purpose Management of gastroenteropancreatic (GEP) neuroendocrine tumors with liver metastases (NETLM) presents many clinical challenges. Assessment of the extent of disease and primary tumor site is crucial for management. In this study, we investigated the primary tumor sites and prognostic factors in GEP NETLM among Korean patients.
Introduction
Gastroenteropancreatic (GEP) neuroendocrine tumors (NETs) are slowly growing tumors with an indolent course. Most GEP NETs are non-functioning tumors with symptoms related to mass effects or distant metastases [1] . Vague clinical symptoms often delay diagnosis of NETs and distant metastases are commonly detected at the time of initial tumor diagnosis. Apart from regional lymph nodes, the liver is the most frequent site of GEP NET metastases, and hepatic metastases are the most powerful predictor of survival in patients with GEP NET [2] . Up to 75% of patients with small bowel NET and 30%-85% of patients with tumors localized within the pancreas present with liver metastases (LM) either at initial evaluation or during the course of their disease [3] [4] [5] . About 20%-50% of GEP NET patients present with LM with unknown primary tumor site [1] . However, most studies incorporating large series of neuroendocrine tumor liver metastases (NETLM) have been performed in Western countries [3, 6, 7] , not in Korea.
The prognosis and clinical management of GEP NETs depend on histological grade. The 2010 World Health Organization (WHO) classification defines the entire group of tumors as neuroendocrine neoplasms and divides the tumors into NET G1, NET G2, and poorly differentiated neuroendocrine carcinoma (G3) based on mitotic count and Ki-67 index [8] . The definition of each grade is as follows: (1) G1: mitotic count, < 2/10 high power fields (HPFs) and/or ! 2% Ki-67 index; (2) G2: mitotic count 2-20/10 HPFs and/or 3%-20% Ki-67 index; (3) G3: mitotic count > 20/10 HPFs and/or > 20% Ki-67 index [9] . Surgery is the only curative treatment for GEP NETs [10] . Although NETs generally have a better prognosis than adenocarcinomas at the same site, NETs are incurable once they advance to unresectable metastatic disease.
Various treatment options are available for NETLM [11, 12] . Locoregional therapies include surgical resection, radiofrequency thermal ablation (RFA) and transarterial embolization (TAE)/transarterial chemoembolization (TACE) [13] . Locoregional therapies are effective in patients without extrahepatic or synchronous disease. Systemic therapies consist of cytotoxic chemotherapy, somatostatin analogs, vascular endothelial growth factor (VEGF) pathway inhibitors and mammalian target of rapamycin (mTOR) inhibitors [14] . Somatostatin analogs, such as octreotide, can be used to reduce clinical symptoms related to hypersecretion of peptides and amines from tumor cells. Other therapeutic options, such as growth factor pathway inhibitors or mTOR inhibitors, have demonstrated preliminary efficacy [4, 14] .
Racial and ethnic disparities in cancer outcomes persist [15] ; however, most studies on NETLM have been carried out in Western countries. In this study, we examined the clinicopathologic characteristics, primary tumor sites, and prognostic factors in GEP NETLM among Korean patients.
Materials and Methods
We identified 112 Korean patients with the histological diagnosis of NETLM in the Samsung Medical Center between January 1999 and May 2013. Clinical, radiographic, procedural and pathologic data were extracted from electronic medical records for all 112 patients. Among those, 72 patients with GEP NETLM were enrolled for the present study. The reasons for exclusions (n=40) included primary lung tumors (n=35), primary uterine cervix tumors (n=2) and GEP NETs with limited tissue samples for grading of tumors (n=3). 
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The formalin-fixed, paraffin-embedded tissues from resected (n=4) or biopsied (n=68) specimens were cut into 3-µm sections and mounted on slides. The slides were deparaffinized for hematoxylin and eosin (H&E) staining. With H&E slides, mitoses were counted per 10 HPFs in the mitotically active region (Fig. 1) . In all but three cases, immunohistochemistry for synaptophysin, chromogranin and Ki-67 was performed. The tumors were graded as G1, G2, or G3 following the WHO classification [8] .
Macroscopic patterns of liver infiltration by metastases were procured from review of medical records and radiological findings. LMs confined to one liver lobe or limited to two adjacent segments were classified as 'simple pattern.' LMs with complex or diffuse patterns were classified as 'complex pattern' [13] .
Overall survival (OS) was calculated from the date of histological diagnosis of GEP NETLM to the date of the last visit or death. The Cox proportional hazards model was used to determine the variables associated with OS of GEP NETLM. The following variables were modeled: gender (male vs. female), age (< 60 years vs. # 60 years), LM pattern (simple vs. complex), primary site (known vs. unknown), histologic grade (WHO G1+2 vs. WHO G3), and treatment (yes vs. no). Risks are represented as hazard ratios (HR) with 95% confidence intervals (CI). Multivariate survival analyses were also performed to rule out dependent variables. The Kaplan-Meier method with log-rank test was used to compare survival curves divided by influential factors. Null hypotheses of no difference were rejected if p-values were less than 0.05, or, equivalently, if the 95% CIs of risk point estimates excluded 1. All statistical analyses were performed with IBM SPSS Statistics ver. 20 (IBM Co., Armonk, NY). Values are presented as number (%) or mean±standard deviation. Table 1 shows the clinical and pathological characteristics of the 72 patients with GEP NETLM. The median age was 58.94 years (range, 18 to 82 years), and over half of the patients (58%) were men. Twenty-five patients (35%) in our series had NETLM of pancreatic origin, eight patients (11%) had NETLM that originated in the stomach, four patients (6%) had NETLM that originated in the gallbladder, and three patients (4%) had NELM that originated in the rectum. Twenty-five patients (35%) had occult primary tumor and in 20 cases, tissue samples were available for additional immunohistochemistry for TTF1 and CDX2. As expected, all 20 NETLM cases of unknown primary site were negative for TTF1 or CDX2.
Results

Clinicopathological characteristics
In eight patients, LM developed after surgery on the primary GEP NETs. Of the LM patterns, 15 (21%) were simple and 57 (79%) were complex. Twelve patients (17%) had histological grade G1 tumors, 30 patients (42%) had G2 tumors, and 30 patients (42%) had G3 tumors.
Different therapies were administered to the patients. Locoregional therapies included surgical resection, RFA, and TAE/TACE. Systemic therapies included cytotoxic Overall survival probability Overall survival probability 
Survival analysis
Univariate analyses using a Cox regression model revealed that unknown primary tumor (p=0.005), higher histological grade (p=0.002), and no treatment (p=0.003) were significantly correlated with shorter OS (Table 3) . Kaplan-Meier survival curves also demonstrated that the unknown primary tumor site (p=0.003), higher histological grade (p=0.001), and no treatment group (p=0.002) had significantly shorter OS (Figs. 2-4 4.231) were independent prognostic indicators for shorter OS (Table 3) . After exclusion of patients with cachexia (n=8), treatment itself was not significantly associated with OS (HR, 1.837; 95% CI, 0.964 to 3.500). Sixteen patients were long-term survivors (OS > 24 months) and all but one received antitumor treatment. The untreated long-term survivor was a 52-year-old woman. The OS of this patient was 71 months. The patient had primary pancreatic NETs and low mitotic count (1/10 HPFs) in the tumors.
To avoid the possible confounding effects of "unknown" primary tumor sites, we excluded NETLM cases with unknown primary site (n=25) and analyzed 47 GEP NETLM with known primary sites. Univariate analyses using a Cox regression model showed that higher histological grade (p=0.029) and no treatment (p=0.028) were significantly associated with shorter OS (Appendix 1). However, patients' gender, age or LM pattern were not associated with OS (p > 0.05). Higher histological grade (HR, 2.275; 95% CI, 1.122 to 4.614; p=0.023) and no treatment (HR, 2.433; 95% CI, 1.138 to 5.200; p=0.022) remained significant in multivariate analyses (Appendices 2 and 3). However, after exclusion of patients suffering from cachexia (n=3), treatment itself was not an independent prognostic factor (HR, 1.807; 95% CI, 0.793 to 4.115; p=0.159).
Discussion
This study analyzed primary sites and factors affecting prognosis in GEP NETLM among Korean patients. The most common primary sites were the pancreas (35%), stomach (11%) and gall bladder (6%). The origin remained unknown in 35% of cases. Unknown primary tumor and higher histological grade were independent prognostic factors in GEP NETLM. The survival rates for NET disease differ according to the anatomical tumor location, being the worst for pancreatic tumors and more favorable for tumors arising in the appendix and localized rectal NETs [3] . In 12.9% of NET patients, metastases were already detectable at the time of initial tumor diagnosis [3] . Apart from the regional lymph nodes, the liver was the predominant site of NET metastases [5] . In a report by Wang et al. [16] out of 123 NETLM patients in the United States, the common primary tumor sites were the pancreas (35.0%), small intestine (26.8%), colon/rectum (12.2%), lung (4.1%), thyroid (1.6%), and stomach (0.8%). They found that 22 cases (17.9%) were of unknown origin, and the primary site was confirmed as small intestine in 13 of 15 patients with unknown primary after surgical exploration. Given this finding, pancreas and small intestine are both common primary tumor sites in NETLM patients in the United States. In the current study of 72 Korean GEP NETLM patients, the most frequent primary tumor site was the pancreas (35%) followed by the stomach (11%), gall bladder (6%), rectum (4%), colon (3%), duodenum (3%), ampulla of Vater (3%), and bile duct (1%). Hence, the most frequent primary tumor site was the pancreas in both American and Korean patients. In the United States, the incidence rate of primary tumors of the small intestine was considerably higher than that in Korea. In contrast to the low rate in the USA, the stomach was the second most common primary tumor site in Korea. The reason for the relatively high rate for the stomach and relatively low rate for the small intestine in Korea is unknown. In a recent Korean multicenter study on distribution of 4,951 GEP NETs according to the organ system, rectum was the most frequent diagnosis, followed by stomach and pancreas, suggesting gastric NET is not uncommon among Koreans [17] . Those distributions would help clinicians explore primary tumor sites during management of patients with GEP NETLM.
In this study, unknown primary tumor was an independent unfavorable prognostic factor for OS. Wang et al. [16] reported that for patients with NETLM and unknown primary tumor, surgical exploration effectively identified and resected occult primary tumors that were often located in the small intestine. These results suggest that, for patients with NETLM and unknown primary tumor, localization and resection of the primary tumor should be considered to treat and prevent complications (i.e., pain, obstruction, ischemia, or perforation) and, perhaps, improve survival.
The 5-year survival rate for metastatic gastrointestinal NET patients undergoing surgical resection is reported to be 47% to 82% [18] . Surgical resection is especially effective in controlling symptoms and improving the quality of life. The surgical approach for NETLM was beneficial with regard to OS compared with the nonsurgical approach; however, curative surgery is only applicable in 10% of the patients [19] . RFA provides prompt symptomatic relief. Embolization of the hepatic artery is effective in palliative management. Chemotherapy is used in patients with highly proliferative NETs such as endocrine pancreatic tumors. Somatostatin analogs, including octreotide, are used effectively subcutaneously, improving symptoms related to the hypersecretion of peptides and amines from tumor cells [12] . The prognosis remains dismal if no treatment is offered [20] . In the present study, those patients who did not receive any antitumor treatment had a shorter OS compared to treated patients, and most long-term survivors received antitumor treatment, thus confirming that the clinical behavior of NETLM was improved by antitumor treatment.
NETs have long been thought to be mostly benign. However, these neoplasms often exhibit a malignant clinical course [3] . Yao et al. [7] reported that, in multivariate analysis of patients with well-differentiated to moderately-differentiated NETs, disease stage, primary tumor site and histological grade were predictors of OS (p < 0.001). A recent study showed that all G1 and G2 NETs were associated with the N0/N1 stage, while 27% of G3 NETs were associated with the N2/N3 stage and these differences were statistically significant [21] . In this study of NETLM, 17% were histological grade G1 tumors, 40% had G2 tumors and 43% had G3 tumors. In a recent Korean multicenter study with 4,951 patients with GEP NET, G1 consisted 92.3%, G2 in 4.85% and G3 in 2.84% [17] . However, in a study with pancreatic NETLM [5] , G2 tumors (60.1%) were the most frequent grade followed by G3 (20.2%) and G1 (19.7%) tumors and the proportion of G1 in NETLM was similar to the present study. Histological grade is a major prognostic factor for gastrointestinal NETs [22] . In this study, histological grade G3 was an independent unfavorable prognostic factor for NETLM, consistent with a recent report by Panzuto et al. [23] , who found that the major risk factor for progression of metastatic and locally advanced pancreatic endocrine carcinomas was histological grade.
To our knowledge, this study represents the first comparison of primary tumor sites in GEP NETLM in Western countries with those in Korea. The most frequent primary tumor site in GEP NETLM was the pancreas in both the United States and Korea. Unknown primary tumor, higher histological grade and no treatment were independent prognostic indicators for shorter OS. Patients identified as being at a risk of shorter OS should be observed closely.
Conclusion
Unknown primary tumor, higher histological grade and no treatment were independent prognostic indicators for shorter OS in GEP NETLM in Korea.
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